The dosedependent effects of porcine somatotropin (pST) on cellular aspects of skeletal muscle growth, muscle composition and measures of pork quality were investigated in growing barrows and gilts. Eighty crossbred pigs weighing 46 kg were assigned randomly to receive daily subcutaneous injections of 0, 30,60, 120 or 200 pg pST/kg BW until they weighed 100 kg. Semitendinosus muscle weights were increased with pST dose (linear, P < .001) by 21%. Percentage of type I and type II muscle fibers was not changed with pST, but cross-sectional area of type I and type II fibers was increased in parallel with muscle weight. Percentage of moisture increased (P e .01) and percentage of lipid decreased (P < .01) as pST dose increased. The pH of the longissimus 24 h postmortem increased (P e .01) .1 to .2 units with increasing pST dose, but subjective evaluation for color, firmness and wateriness of the longissimus indicated no discernible treatment effect. Gardner color difference meter "Rd" and "A" values decreased (P e .01) with a pST dose of 60 p@g or more, signifying a slightly darker and less red color, respectively, of the longissimus muscle. Weight loss of loin chops 2.54 cm thick cooked to 71'C (20.3% to 23.7%) and shear force of cores 1.27 cm in diameter (2.89 to 3.76 kg) were not related to pST treatment or dose. We conclude that pST increases skeletal muscle mass by muscle fiber hypertrophy and reduces muscle lipid concentration in a dosedependent manner without adversely affecting tenderness or other indices of pork quality in this breed-cross sample of the swine population.
dependent relationships between pST administration and these variables also have been reported (Boyd et al., 1986; Evock et al., 1988) , but the nature of specific cellular response(s) in skeletal muscle to exogenous administration of pST has not been characterized, nor has the associated influence on pork quality been reported. A marked reduction in intramuscular lipid concentration and content would be expected to accompany the dosedependent reduction in carcass lipid because a linear decline in carcass lipid content and rate of accretion have been observed with a pST dose range of 0 to 200 p a body weight Boyd and Bauman, 1989) . A minimum intramuscular lipid concentration may be required for acceptable pork palatability (Davis et al., 1975; Wood et al., 1986; DeVol et al., 1988) . Therefore, the effects of exogenous pST on muscle lipid concentration is an important aspect of evaluating the benefits of pST administration. To better unde-rstand the biological effects of elevated somatotropin status in swine, we determined the effect of pST dose on skeletal muscle mass and composition, muscle fiber type and extent of fiber hypertrophy in barrows and gilts slaughtered at a constant weight endpoint. Both quantitative and qualitative methods were used to evaluate the effects of exogenous pST on meat quality.
Materlals and Methods

Animals and Treatments. Eighty crossbred barrows and gilts (LandraceYorkshire F1 dam
x Duroc sire) with an average initial weight of 46 kg were allotted randomly within sex and sire group to one of five treatmehts in a randomized complete block design. Subcutaneous injections of excipient (carbonatebicarbonate buffer) or pituitary-derived porcine somatotropin4 (30, 60, 120 or 200 pgkg BW) were administered at 1000 daily. The total amount of pST injected was adjusted every 14 d, based on the average live weight of each treatment group. Pigs were fed a fortified cornsoy diet formulated to contain 140% or more of the nutrient requirements (NRC, 1988) for growing-fishing pigs in anticipation of a pST-induced reduction in feed intake and increase in muscle mass. The corn-soy diet was formulated to contain 19.6% crude protein, 1.11% lysine, 37% calcium, .75% phosphorus and 3190 Kcal metabolizable energy per kilogram on a dry matter basis. When individual live weights reached 100 kg, the animals were slaughtered and muscle samples were obtained.
Muscle Sample Collection and Processing. Animals were immobilized by electrical stunning and exsanguinated. The semitendinosus muscle was dissected from the right side, trimmed of adhering fat and weighed approximately 30 min postmortem. A cross-section of each muscle 2 cm thick was removed, frozen in liquid nitrogen and processed to form a frozen powder before protein and nucleic acid analysis was conducted. Concentrations of RNA and DNA were determined in perchloric acid extracts using a modification of the methods of Schmidt-Thannhauser Fleck, 1966, 1969) . Protein concentration was determined by the Biuret method.
Superficial lateral and deep medial portions of the semitendinosus muscle (1 cm x 1 cm x 3 cm) were removed, tied at resting length to tongue depressors and frozen in liquid nitrogen. Frozen transverse sections (10 to 12 pm thick) were stained for ATPase (Tunell and Hart, 1977) , NADH-tetrazoleum reductase (Engel and Brooke, 1966) and alpha-glucan phosphorylase (Pease, 1972) activity to determine the proportion of type I and type II fibers. Sections were viewed on a monitor coupled to a video camera mounted on a light microscope. Approximately 2,000 fibers were counted in 8 to 12 fascicular groups in each sample to determine fiber type percentage. Cross-sectional areas of 100 fibers of each fiber type were determined in each sample by tracing the outlines of individual fibers on the monitor with the light pen of an electronic digitizer interfaced with a microcomputer.
Pork Quality and Muscle Composition Estimates. Carcasses were chilled at 0 to 4°C for 24 h before carcass measurements were made and the longissimus was evaluated (at the loth rib) for color, Fumness and wateriness by five experienced persons using a 5-point scale. Two loin chops 2.54 cm thick were removed from the 11th rib area and exposed to ambient air for 15 min; then, Gardner color difference meter readings (Rd, A and B values) were taken at the medial, central and lateral locations. The Rd values are expressed on a scale of 0 to 100 and reflect the black-to-white color transition range. The A values are expressed on a scale of -50 to 100 to describe the green-to-red color; the B values are expressed on a scale of -100 to +50 to describe the yellow-to-blue transition. The Rd values provide a quantitative description of the light/dark meat color characteristics, whereas the A values effectively reflect the degree of redness of meat color.
The chops subsequently were vacuumpackaged, frozen and stored at -23°C before being thawed at 4'C and cooked at 165°C in a commercial convection oven to an internal temperature of 71'C. Thermocouple probes were used to monitor the internal temperature of cooked chops. Drip plus evaporative cooking loss was determined after the chops were cooled to approximately 23°C; Instron shear force measurements were made on 10 cores 1.27 cm in diameter using a Wamer-Bratzler blade assembly. A cross-section of the fresh longissimus approximately 2 to 3 mm thick also was removed from the loin at approximately 24 h postmortem and homogenized in 5 mM iodoacetate for pH determination. Semitendinosus muscles were dissected from the carcass at approximately 24 h postmortem. They were trimmed of adhering fat, weighed, freeze-dried and pulverized in a Waring blender before being subsampled for lipid, Kjeldahl nitrogen and ash determinations (AOAC, 1975).
Statistical Analysis. The statistical model employed for data encompassing all pST doses was a randomized complete block design. The main effects of dose, replicate, sex and respective interactions were computed and orthogonal comparisons were calculated for linear and quadratic components (SAS, 1985) . A fmed main effects model with interactions was used for data that did not encompass all pST doses. Duncan's Multiple Range Test was used for means comparisons where main effects or interactions were significant (Steel and Tome, 1960; SAS, 1985) .
Results and Discussion
Skeletal Muscle Gruwth. Mass of the semitendinosus muscle increased in a linear manner with increasing pST dose to 120 pgkg BW (P e .Ol), but no further increase was observed with the highest dose (Table 1) . This response of the semitendinosus is in accord with the response observed in the larger semimembranosus muscle and reflects the plateau in carcass protein content and accretion rate observed in these pigs at a pST dose of about 120 p & (Boyd and Bauman, 1989) .
Composition changes in the semitendinosus were similar to carcass composition changes. Muscle lipid concentration declined with each increment in pST dose (quadratic, P e .06) and water concentration increased (quadratic, P e .01). Because protein percentage was not affected by pST, the total protein content of the muscle paralleled muscle weight; ash percentage remained unchanged. The muscle m0isture:protein ratio was not altered by somatotropin-induced hypertrophy. However, the pST-induced increase in total protein contained in the muscle (18 g) was twice the absolute reduction in weight of lipid in the muscle (6.5 g); this was associated with a net increase in muscle weight (79 g) at the 120 ~g l kg dose.
The difference observed in porcine somatotropin dose optima for muscle weight (120 pgkg BW) and protein content increase (60 pgkg BW) versus lipid concentration and content decrease (200 p@g BW) indirectly indicates that somatotropin exerts independent effects on skeletal muscle and adipose tissue.
This observation is in agreement with protein and lipid content changes in the carcass (Beermann et al., 1988; Boyd and Bauman, 1989) . The increase in muscle mass may have been constrained by amino acid intake; thus, perhaps the opportunity for stimulation of muscle growth at the 200 pgkg dose was precluded. The dose optima for muscle growth stimulation remains to be determined.
Weight and protein content of the semitendinosus muscle increased in dose-dependent manner (P e .05) without significant changes in RNA, DNA and protein concentration (Table 2) . A similar response was observed for the semimembranosus muscle (data not shown). These relationships are in agreement with the purported mode of action of somatotropin on differentiated skeletal muscle. Elevated pST concentrations in the blood cause total insulin-like growth factor-I (IGF-I)
concentrations to increase in a dosedependent manner (Etherton et al., 1987; Evock et al., 1988) . Elevated circulating levels of IGF-I and(or) increased local production of IGF-I in skeletal muscle is believed to stimulate muscle hypertrophy. Muscle hypertrophy induced by implanting somatotropin-secreting GH-3 tumors in mature Wistar-Furth rats has been associated with increased local production of IGF-I in muscle (Turner et al., 1988) . IGF-I stimulated satellite cell hyperplasia in myogenic cells in vitro (Dodson et al., 1985) . GH-1 resulted in a significant increase in satellite cell concentration and total myonuclei per fiber, in association with induced hypertrophy in Wistar-Furth rats (McCusker and Campion, 1986) .
A similar relative increase in total RNA, DNA and protein is observed in other forms of and GH-3 tumor-induced hprsomatotropy accelerated muscle growth such as stretchinduced hypertrophy (Bamett et al., 1980) , nutritionally induced compensatory hypertrophy (Beermann, 1983) and functional overload hypertrophy (DeVol, 1989) . Therefore, exogenous somatotropin administration appears to stimulate muscle growth by initiating a mitotic response that leads to increased DNA (number of myonuclei) and to subsequent transcription and translation of the myofibrillar proteins, independent of its effects on intramuscular lipid.
Percentage of type I and type 11 fibers in the semitendinosus muscle was not altered by pST treatment ( Table 3) ; both fiber types exhibited a 16% radial hypertrophy (P < .05) in response to 120 pgkg pST (Figure I) "Fiber types were determined in a minimum of 20 muscle fiber fasciculi per sample using the ATPase stained sections for enumeration. Fiber cross-sectional area was measured in a minimum of 100 fibers of each type per sample using direct planimetry of images projected to a video monitor. b*cMeans within a column with different superscripts differ (P < .05). had no effect on longissimus muscle fiber type Significant differential effects among fiber percentage but increased the cross-sectional types was not observed in either study. area of all fiber types by an average of 23%. Percentage of type I fibers in the deep, medial %%ems within a row with different superscripts differ (P < .05).
AREA OF TYPE I FIBERS
-
'A 5-point scale was used; 1 = practically devoid, 5 = abundant. *A 5-point scale was used; 1 = very pale or white, 5 = very dark.
'A 5-point scale was used; 1 = soft and exudative, 5 = very f m and very dry.
and superficial, lateral portions of the semitendinosus observed in this study were similar to those reported previously (Beecher et al., 1968; Beermann and Cassens, 1977) . Pork Quality Characteristics. Somatotropin treatment had no significant effect on subjective color and firmness/wateriness scores for the longissimus muscle ( Table 4) . Degree of exudation was not affected by pST treatment. No significant sex effects or sex x pST interactions were observed Visual scores for degree of marbling in the longissimus were reduced (P < -05) in a dosedependent manner (up to 30% on a 5-point scale). These data are in accord with the greater than 50% reduction in lipid concentration in both the semitendinosus and semimembranosus muscles. Depending on the initial lipid concentration and pST dose, pST administration potentially could alter the sensory perception of juiciness or flavor if intramuscular lipid concentration contributes to juiciness or flavor perception.
Quantitative measures of color confirmed the subjective visual perception of a slightly darker color in the longissimus of pigs that received a pST dose of >60 pgkg BW (Table   5 ). Gardner Rd values decreased (P < .05) in a dose-dependent manner with increasing levels of pST, indicating a slightly darker muscle color. Effects were significant at, or greater than a dose of 6Opg/kg. A similar dosedependent decline in A values was observed, indicating a reduction in redness of the cut surface of the longissimus. Gardner B values and A/B ratios were not affected by pST treatment. %b*c*dMeans within a row without a common superscript differ (P < .05).
?ralues are least squares meam representing an average of duplicate determinations. fValues are least squares means determined from three locations on two muscles per animal.
Walues are least squares means representing the composite of evaporative plus drip loss after chops reached an internal %dues are least squares means representing 10 measurements on 1.27-cm cores from chops cooked to internal temperature of 71'C.
temperature of 71'C and cooled to room temperatare.
Ultimate pH of the longissimus (24 h after slaughter) was elevated at all doses of somatotropin treatment (P < .05) and appeared to be dosedependent. Elevated muscle pH can lead to an undesirably darker color of pork muscle (Sayre et al., 1964 , Tope1 et al., 1976 .
Although the increase we observed was relatively small (.l to .2 pH units), the elevation in ultimate pH would contribute toward a darker color of loin muscle from pST-treated pigs. This would be particularly important if the process of antemortem transport and other environmental stress reduced muscle glycogen concentration, which would further elevate ultimate pH. Color and pH of the longissimus in this study were well within the normal range. The relatively low ultimate pH of the longissimus of control pigs indicates that preslaughter stress was minimal. Distance of transport was approximately 3 km, and most animals were slaughtered within 4 to 6 h of arrival.
Tenderness of the longissimus muscle was not significantly affected by pST treatment, nor was there any indication of a doseresponse relationship. Although sensory evaluation was not conducted, cooking loss also was not affected by pST treatment; we would anticipate that juiciness of chops would be similar across all pST treatment doses unless differences in intramuscular lipid observed would contribute to perceived juiciness.
lmpllcatlons
Exogenous porcine somatotropin increased skeletal muscle mass through radial hypertrophy of individual muscle fibers without altering histochemical fiber type. Somatotropin acted in a dosedependent manner to increase the total protein, RNA and DNA in individual skeletal muscles, in concert with patterns seen in other models of induced hypertrophy. Intramuscular lipid concentration was reduced in a dose-dependent manner. Neither cooking loss nor Instron shear values were altered. Unless the reduction in intramuscular lipid concentration has a negative effect on juiciness or flavor, treatment of pigs with exogenous somatotropin should have no detrimental effect on pork quality in this breedcross.
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